Introduction
============

Breast cancer (BC) is the most common malignancy in women, and 269,000 new cases were diagnosed in People's Republic of China in 2015, accounting for 15% of all female cancers.[@b1-ott-11-6139] In People's Republic of China, the 5-year survival rate was 73%,[@b2-ott-11-6139] compared to 90% in USA.[@b3-ott-11-6139] This survival difference was reflective of a gap in therapeutic advancement and different pathological characteristics (such as low ER^+^ but high HER2^+^ status in Chinese cases).[@b4-ott-11-6139],[@b5-ott-11-6139] Comprehensive clinical management such as breast conservation surgery, endocrine therapy, targeted therapy, or immunotherapy was less applied in People's Republic of China.[@b6-ott-11-6139]--[@b8-ott-11-6139] Therefore, further exploration of emerging therapeutic technique is very meaningful to Chinese BC patients.

PD-1 is an immune checkpoint and inhibits biological functions of effector T-cells. PD-L1 is expressed on the surface of cancer cells, binds to PD-1, and then suppresses lymphocyte functions. Through presenting PD-L1 and binding to PD-1, cancer cells inhibit antitumor response of host immune system in tumor microenvironment. Recovery of antitumor response with checkpoint inhibitor against PD-1 has produced remarkable efficacy for non-small-cell lung carcinoma and melanoma.[@b9-ott-11-6139],[@b10-ott-11-6139] Patients with positive PD-L1 are eligible for checkpoint inhibitor application. In general, 12% of BC cases expressed PD-L1 in tumor tissue, and 32% of triple-negative breast cancer (TNBC) cases are PD-L1^+^.[@b11-ott-11-6139]

A high proportion of tumor-infiltrating lymphocytes (TILs) predicts a favorable prognosis of BC patients.[@b12-ott-11-6139] High counts of intratumoral CD4^+^ and CD8^+^ lymphocytes conferred better survival in BC patients.[@b13-ott-11-6139] Lymphocytes presenting positive PD-1 (PD-1^+^) indicated functional exhaustion.[@b14-ott-11-6139] Intratumorally, PD-1^+^ TILs correlated with worse survival of BC.[@b15-ott-11-6139] However, specific distribution of TIL subpopulations in Chinese BC patients remains unknown. This study aimed to investigate the distribution of exhausted TILs phenotypes, especially exhausted CD4^+^ and CD8^+^ TILs, and their relationship with pathological characteristics in Chinese BC patients.

Patients and methods
====================

Ethical approval
----------------

All procedures performed in studies involving human participants were in accordance with the ethical standards of the ethical committee of Beijing Shijitan Hospital, Capital Medical University, and following the 1964 Helsinki declaration and its later amendments or comparable ethical standards. The ethical committee of Beijing Shijitan Hospital, Capital Medical University approved this study. This study had a retrospective design, and most of the patients were lost to follow-up, and so formal written informed consent consent was not required. Patients' privacy and confidentiality were well protected and any identifiable data was recoded. Patients' identity is unavailable to readers.

Patients
--------

This cross-sectional study included 133 consecutively recruited invasive ductal BC patients. Patients had a diagnosis of operable BC and received surgical treatment at Department of Breast Surgery, Beijing Shijitan Hospital, Capital Medical University consecutively from January 1, 2012 to December 31, 2013. All of the cases were pathologically diagnosed with primary invasive BC.

Tissue collection
-----------------

Archival formalin-fixed, paraffin-embedded (FFPE) BC samples were collected from all patients. Histopathologic feature was determined using serial 4 µm thickness sections derived from each specimen.

Immunohistochemistry (IHC)
--------------------------

Expression profiling of PD-1, Ki-67, CD4, and CD8 was assessed by IHC on 4 µm FFPE sections. Monoclonal antibodies against PD-1 (mouse anti-human, \# UMAB199), Ki-67 (mouse anti-human, \# MIB1), CD4 (rabbit anti-human, \# EP204), and CD8 (\# SP16) were purchased from Beijing Zhong Shan Golden Bridge Biotechnology Co. Ltd (Beijing, People's Republic of China). Sections were baked at 60°C in a dehydration oven for 60 minutes, dewaxed, and rehydrated using xylene and graded alcohol washes. Antigen retrieval and deparaffinization were carried out using the EnVision™ FLEX Target Retrieval Solutions (Dako, Glostrup, Denmark). Sections were cooled to room temperature in TBST wash buffer for 5 minutes and then incubated with the primary antibodies. PD-1 and Ki-67 detection was visualized with DAB, whereas for CD4 and CD8 it was with AP-red. Slides were counterstained with hematoxylin.

TILs were detected in IHC sections. TILs were counted in randomly selected five different high-power fields (HPFs) to obtain an average number. PD-1 was expressed on the cytoplasm of lymphocytes colored brown, and CD4 and CD8 were expressed on the cytomembrane of lymphocytes colored red. Double staining of CD4/PD-1 and CD8/PD-1 showed red cytomembrane and brown cytoplasm of lymphocytes. We counted the PD-1-, CD4-, or CD8-positive cells in 100 lymphocytes, and then calculated the expression rate. The proportion of PD-1/CD4 coexpression or PD-1/CD8 coexpression was calculated in 100 CD4^+^ or CD8^+^ lymphocytes.

Ki-67 was expressed on nucleus of BC cells colored brown. Ki-67 index was estimated based on 100 tumor cells.

ER and PR classification
------------------------

The status of ER and PR were determined by IHC, using the EnVision method with FLEX Ready-to-Use and Autostainer Link Solution (Dako). Monoclonal antibodies against ER (rabbit anti-human, \# IR084 Clone EP1) and PR (rabbit anti-human, \# IR068 Clone PgR 636) were purchased from Gene Tech Co. Ltd. (Shanghai, People's Republic of China). ER and PR were expressed in the nucleus colored brown. Positive ER or PR expression was defined as ≥1% tumor cells with staining.

HER2 classification
-------------------

Expression of HER2 was assessed by IHC using Ventana HER2 method (Roche BenchMark XT, Roche Diagnostics, Rotkreuz, Switzerland). HER2 rabbit anti-human monoclonal antibody was purchased from Roche Diagnostics GmbH (clone \# 4B5). HER2 was expressed on the cytomembrane. HER2 amplification was defined as a score of 3+, equivocal HER2 expression was defined as a score of 2+, and negative HER2 expression was defined as a score of 0/1+. For equivocal stating, fluorescence in situ hybridization was performed, and HER2 amplification was defined as a ratio of HER2/CEP17 \>2.2.

Definition of molecular subtypes
--------------------------------

According to the hormone receptor (HR) ER, PR, and HER2 status and Ki-67 index, the BC cases were divided into four subtypes: Luminal A, Luminal B, HER2 overexpression, and TNBC. Luminal A was defined as positive HR (positive ER and/or positive PR) and negative HER2. Luminal B was defined as positive HR and HER2 amplification, or positive HR, negative HER2, but Ki-67 index ≥14%. HER2 overexpression was defined as negative HR (negative ER and PR) and HER2 amplification. TNBC was defined as negative HR and HER-2.

Statistical analysis
--------------------

SPSS version 19.0 (IBM Corporation, Armonk, NY, USA) was used to conduct data analyses. Phenotypes of TIL were described by median and interquartile range (IQR). The difference between ER, PR, and HER2 status was evaluated by Wilcoxon test. The difference of TILs phenotypes among molecular subtypes was analyzed by Kruskal--Wallis test. The difference between Luminal A and TNBC subtypes was estimated by Wilcoxon test. All tests were two-sided, with a significant level of *P*\<0.05.

Results
=======

The average age of the 133 patients was 57.8, and more than 85% patients were in histological grade I and II ([Table 1](#t1-ott-11-6139){ref-type="table"}). The expression rate of ER and PR was 73.8% and 65.1% ([Table 1](#t1-ott-11-6139){ref-type="table"}). The amplification rate of HER2 was 25.6% ([Table 1](#t1-ott-11-6139){ref-type="table"}). 54.2% patients had subtype Luminal A, 28.3% patients had Luminal B, 8.3% patients had HER2 overexpression, and 9.2% patients had TNBC ([Table 1](#t1-ott-11-6139){ref-type="table"}).

Patients with negative ER had more TILs than those with positive ER (*P*\<0.05, [Table 1](#t1-ott-11-6139){ref-type="table"}). The median number of TILs was 100/HPF in negative ER patients, whereas it was 70/HPF in positive ER patients (*P*\<0.05, [Table 2](#t2-ott-11-6139){ref-type="table"}). Count of CD4^+^ TILs was higher among patients with negative ER (56/HPF) than those with positive ER (44/HPF) (*P*\<0.05, [Table 2](#t2-ott-11-6139){ref-type="table"}). The median number of PD-1^+^ TILs in patients with negative ER was 33/HPF, significantly higher than those with positive ER expression (16/HPF) (*P*\<0.05, [Table 2](#t2-ott-11-6139){ref-type="table"}). Additionally, CD4^+^/PD-1^+^ TILs and CD8^+^/PD-1^+^ TILs were both higher in patients with negative ER than those with positive ER (28/HPF vs 12/HPF, and 3/HPF vs 2/HPF, respectively, *P*\<0.05, [Table 2](#t2-ott-11-6139){ref-type="table"}). Phenotypes of TILs showed no associations with PR or HER2 status ([Table 2](#t2-ott-11-6139){ref-type="table"}).

PD-1^+^ TILs and CD4^+^/PD-1^+^ TILs were distributed differently among different molecular subtypes ([Figure 1](#f1-ott-11-6139){ref-type="fig"}). The median count of PD-1^+^ TILs in TNBC was significantly higher than that in Luminal A subtype (39/HPF vs 11/HPF, [Table 3](#t3-ott-11-6139){ref-type="table"}). CD4^+^/PD-1^+^ TILs in TNBC were much higher than that in Luminal A (28/HPF vs 10/HPF, [Table 3](#t3-ott-11-6139){ref-type="table"}). CD8^+^/PD-1^+^ TILs were also more common in TNBC than Luminal A (3/HPF vs 2/HPF, *P*\<0.05, [Table 3](#t3-ott-11-6139){ref-type="table"}). From pathological diagnosis, TNBCs had higher amount of CD4/ PD-1 coexpression and CD8/PD-1 coexpression on TILs than Luminal A ([Figure 2](#f2-ott-11-6139){ref-type="fig"}).

Discussion
==========

TIL phenotypes were significantly associated with pathological characteristics of BC. The distribution of TIL phenotypes was different between molecular subtypes of BC. TNBC patients tended to have a higher count of exhausted CD4^+^ and CD8^+^ TILs.

TILs are a kind of mononuclear immune cells. TIL infiltration into tumor tissue occurs in several tumor types, including BC. TILs are distributed in both stromal and intratumoral tissue. TILs BC were described as a lymphocyte population consisted of varying proportions of cytotoxic (CD8^+^) T-cells, helper (CD4^+^) T-cells, CD19^+^ B cells, and NK cells in BC, whereas, T-cells were the main phenotype.[@b16-ott-11-6139] High proportions of effector TILs have consistently been associated with good prognosis, lower recurrence, and better clinical efficacy of patients with early-stage TNBC and HER2-amplified BC.[@b17-ott-11-6139]--[@b19-ott-11-6139] TILs also has a relationship with response to anthracycline-containing adjuvant chemotherapy, and a high percentage of TILs was associated with better clinical efficacy and prolonged survival among HER2-positive BC cases.[@b18-ott-11-6139]

TILs had significant effects on survival of BC patients, depending on different phenotypes. A high level of CD8^+^ TILs predicted prolonged overall survival of BC patients, where a high CD8^+^/FOXP3^+^ ratio might reduce the risk of death by 29%.[@b20-ott-11-6139] High counts CD4^+^ TILs correlated with improved outcome of ductal BC.[@b13-ott-11-6139] CD4 (helper) and CD8 (cytotoxic) T-cells perform host antitumor immune response. The presence of PD-1 on the helper and cytotoxic T-cells represents exhausted function and dampens the host's anti-tumor effect. PD-1 plays a role in establishing peripheral tolerance and inhibiting the proliferation and function of T-cells. The exhausted T-cells had an upregulated expression of PD-1.[@b14-ott-11-6139] During acute infection, the expression of PD-1 on effector T-cells was transient and not presented on functionally competent memory T-cells,[@b21-ott-11-6139] and a high level of PD-1^+^ TILs has been associated with poor survival of BC patients.[@b15-ott-11-6139],[@b22-ott-11-6139] The PD-1/PD-L1 pathway provides a potential mechanism of implementing immunotherapy in BC. In this study, TNBCs had higher counts of exhausted effector cells than Luminal A subtype, indicating the immune-suppressive microenvironment among TNBC patients.

TNBCs had a special immune microenvironment. TNBCs had the highest amounts (70%) of FOXP3^+^ regulatory T-cells (Tregs) compared to other types of BC.[@b23-ott-11-6139] The function of Tregs is to regulate and suppress immune response and prevent autoimmune diseases. Traditionally, it has been believed that Tregs can suppress other effector cells and prevent effective immune response in the tumor microenvironment.[@b24-ott-11-6139] PD-1/PD-L1 was more likely to be positive in TNBC patients. Compared with non-TNBC patients, PD-1 (70% vs 25%) or PD-L1 (59% vs 33%) expression was much higher among TNBC patients.[@b25-ott-11-6139] The immune microenvironment in TNBC was in an inhibitory status. Similarly, the exhausted T-cells were much higher in TNBC than Luminal A. Compared to Luminal A patients, TNBC patients had much more PD-1^+^ TILs (27.3% vs 4.7%)[@b15-ott-11-6139] and PD-L1 expression (30.7% vs 12.7%).[@b26-ott-11-6139] PD-1 expression was correlated with ER status: expression rate of PD-1 was 12% for positive ER patients, compared with 25% for negative ER patients.[@b15-ott-11-6139] PD-1 expression had no association with HER2 status.[@b15-ott-11-6139] Ras/MAPK pathway activation caused immune suppression in TNBC, and the inhibition of this pathway improved immune response.[@b27-ott-11-6139] Although TNBC was more aggressive than other subtypes, the suppressive immune microenvironment provided an opportunity for immunotherapy. Further studies were warranted to investigate the feasibility of immunotherapy for TNBC treatment.

A small sample size was the first limitation of our study. Second, we did not analyze intratumoral and stromal TILs separately. Third, IHC was the sole detection method, and flow cytometry was not performed to detect TILs phenotypes. Double staining CD4, CD8, and PD-1 was not in an easy distinguished way that fast red and brown might not be separated easily. The number of CD4^+^/PD-1^+^ and CD8^+^/ PD-1^+^ TILs was too small. FOXP3^+^/CD4^+^ and Th1^+^/CD4^+^ T-cells were not double stained.

Conclusion
==========

BC molecular subtypes had different patterns of distribution with regard to TILs phenotypes. TNBCs had higher counts of PD-1^+^ effector T-cells compared to Luminal A. The immune microenvironment was in an inhibitory status in Chinese TNBC patients. PD-1/PD-L1 pathway was a potential therapeutic strategy for TNBC.
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![Distribution of TIL phenotypes between molecular subtypes.\
**Note:** (**A**) TILs, (**B**) CD4^+^ TILs, (**C**) CD8^+^ TILs, (**D**) PD-1^+^ TILs, (**E**) PD-1^+^/CD4^+^ TILs, (**F**) PD-1^+^/CD8^+^ TILs.\
**Abbreviations:** TIL, tumor-infiltrating lymphocyte; HPF, high-power field.](ott-11-6139Fig1){#f1-ott-11-6139}

![Coexpression of CD4/PD-1 and CD8/PD-1 on TILs in Luminal A and TNBC (×400 magnification).\
**Notes:** (**A**) Coexpression of PD1 and CD4 in Luminal A. (**B**) Coexpression of PD1 and CD4 in TNBC. (**C**) Coexpression of PD1 and CD8 in Luminal A (IHC, ×400). (**D**) Coexpression of PD1 and CD8 in TNBC (IHC, 400×). Red arrows indicate CD4^+^/PD-1^+^ lymphocytes, yellow arrows indicate CD8^+^/PD-1^+^ lymphocytes. The cells were scored at ×400 magnification.\
**Abbreviations:** IHC, immunohistochemistry; TIL, tumor-infiltrating lymphocyte; TNBC, triple-negative breast cancer.](ott-11-6139Fig2){#f2-ott-11-6139}

###### 

Patient characteristics in the study

  Items                       
  --------------------------- -----------
  Age, mean±SD                57.8±13.6
  Histological grade, n (%)   
   I                          14 (11.3)
   II                         82 (66.1)
   III                        28 (22.6)
  ER expression, n (%)        
   Negative                   33 (26.2)
   Positive                   93 (73.8)
  PR expression, n (%)        
   Negative                   44 (34.9)
   Positive                   82 (65.1)
  HER2 amplification, n (%)   
   Negative                   64 (74.4)
   Positive                   22 (25.6)
  Molecular subtype, n (%)    
   Luminal A                  65 (54.2)
   Luminal B                  34 (28.3)
   HER2 overexpression        10 (8.3)
   TNBC                       11 (9.2)

**Abbreviation:** TNBC, triple-negative breast cancer.

###### 

Relationship between phenotypes of TILs and receptor status

  Phenotypes of TILs    ER, n (%)   PR, n (%)   HER2, n (%)                       
  --------------------- ----------- ----------- ------------- --------- --------- ---------
                                                                                  
  TILs                                                                            
   Median (IQR)         100 (100)   70 (65)     80 (78)       80 (80)   75 (78)   85 (65)
   *P*-value            0.027                   0.498                   0.38      
  CD4^+^ TILs                                                                     
   Median (IQR)         56 (78)     44 (52)     51 (61)       45 (57)   45 (73)   52 (40)
   *P*-value            0.030                   0.556                   0.403     
  CD8^+^ TILs                                                                     
   Median (IQR)         21 (31)     16 (24)     15 (25)       19 (25)   16 (30)   22 (17)
   *P*-value            0.083                   0.618                   0.473     
  PD-1^+^ TILs                                                                    
   Median (IQR)         33 (48)     16 (26)     24 (44)       16 (28)   16 (36)   25 (37)
   *P*-value            0.003                   0.253                   0.076     
  CD4^+^/PD-1^+^ TILs                                                             
   Median (IQR)         28 (45)     12 (27)     22 (41)       13 (28)   11 (34)   24 (27)
   *P*-value            0.004                   0.204                   0.057     
  CD8^+^/PD-1^+^ TILs                                                             
   Median (IQR)         3 (8)       2 (5)       3 (4)         2 (7)     2 (7)     3 (6)
   *P*-value            0.009                   0.678                   0.198     

**Abbreviations:** IQR, interquartile range; TIL, tumor-infiltrating lymphocyte.

###### 

TIL phenotype differences between Luminal A and TNBC

  ---------------------------------------------------------
                        Luminal A\   TNBC\      *P*-value
                        n (%)        n (%)      
  --------------------- ------------ ---------- -----------
                                                

  TILs                                          

   Median (IQR)         60 (60)      80 (300)   0.195

  CD4^+^ TILs                                   

   Median (IQR)         40 (52)      48 (186)   0.262

  CD8^+^ TILs                                   

   Median (IQR)         12 (24)      18 (102)   0.184

  PD-1^+^ TILs                                  

   Median (IQR)         11 (24)      39 (134)   0.009

  CD4^+^/PD-1^+^ TILs                           

   Median (IQR)         10 (25)      28 (122)   0.027

  CD8^+^/PD-1^+^ TILs                           

   Median (IQR)         2 (6)        3 (17)     0.022
  ---------------------------------------------------------

**Abbreviations:** IQR, interquartile range; TIL, tumor-infiltrating lymphocyte; TNBC, triple-negative breast cancer.
